In the second half of the twenty century we observe two important patterns of structural change; …rst, a large shift of employment from the agriculture and manufacturing sectors to the service sector, and, second, an increase in leisure time. We relate these two patterns of structural change by arguing that during leisure time we consume recreational services. The observed increase in leisure time then implies an increase in the consumption of these services, which introduces a new mechanism of structural change. In order to measure the impact of this mechanism, we construct a multi-sector exogenous growth model with biased technological change. The new feature of the model is the introduction of recreational activities, which depend on both leisure time and on the consumption of recreational services. We introduce these activities by assuming a non-homothetic nested CES utility function. The model explains the two patterns of structural change. We also show that the introduction of these activities improves the performance of the numerical simulations. We conclude that the increase in recreational activities is an important feature of structural change.
Introduction
The second half of the twenty century has been characterized by two important patterns of structural change. First, the process of structural change in the sectoral composition of employment. This process consists of a large shift of employment and production from the agriculture and manufacturing sectors to the service sector. Figures 1 and 2 illustrate this process in the case of the US economy, during the period 1947-2010. As follows from Figure 1 , in the mid of the twenty century, almost 20% of employment was employed in the agriculture sector, whereas by the end of the century only 2% is employed in this sector. In contrast, employment in the service sector increases from almost 50% to 75% of total employment during this period. Finally, employment in the manufacturing sector declines during the second half of the twenty century. Figure 2 shows a similar pattern for the shares of value added in the three sectors. The recent multisector growth literature has explained these patterns of structural change as the result of non-homothetic preferences ( Second, the change in the uses of time is another relevant process of structural change that has occurred during the second half of the last century. Using survey data, Aguiar and Hurst (2007) and Ramey and Francis (2009) show the evolution of the uses of time in the US economy during the second half of the last century. Figures 3 and 4 show these changes in the uses of time. As follows from these …gures, during the second half of the twenty century there has been a clear increase in the time devoted to leisure and, obviously, a reduction in the time devoted to work. According to these …gures, the time devoted to leisure increases during the period from 45% of the total time to 54%. Obviously, this implies a reduction in the amount of time devoted to work, both in the market and in home production.
[Insert Figures 3 and 4]
The reduction in the time devoted to work is mainly explained as the consequence of a wealth e¤ect: as wealth increases, agents want to consume a larger amount of leisure and, therefore, they reduce the time devoted to work. Note that this explanation is completely independent of the multisectoral structure of the economy. To the best of our knowledge, only Ngai and Pissariades (2008) have studied the interaction between the two processes of structural change. They argue that biased technological change causes the reduction in the time devoted to home production, which in turn rises the demand of services. In this way, they introduce a direct relation between the reduction in the time devoted to work and the employment share in the service sector. Note that this relation is not based on leisure, but instead it is based on the nature of home production and its substitutability with the market production of the service sector. 1 In a last section, they explicitly introduce leisure and they show that it also contributes to explain the reduction in the time devoted to work.
The main purpose of our paper is to contribute to explain simultaneously the two processes of structural change. In contrast to Ngai and Pissariades (2008) , our explanation is based on the recreational nature of leisure. Our main conjecture is that during the leisure time we consume recreational services. The mechanism explaining the two dimensions of structural change then is as follows. As the economy develops, households devote a larger amount of time to leisure activities, which consume recreational services. It follows that part of the structural change in the sectoral composition can be explained by the increase in leisure.
In this paper, we quantify the impact on structural change of the proposed mechanism. To this end, we measure the fraction of the value added of the service sector explained by recreational services. We use data on consumption expenditures, to obtain the fraction between recreational expenditures and total expenditures in the service sector. We then use input-output data to obtain the fraction of value added in the service sector explained by …nal consumption expenditures on recreational services. The details of the procedure followed are explained in Appendix E and the results are displayed in Figure 5 . As explained in Appendix E, data availability limits the period analyzed to be between 1947 and 2010. Figure 5 displays the time path of the fraction of the value added in the service sector directly explained by recreational activities. This fraction increases from 6% in 1947 to 14% in 2010. This increase is large and explains 26% of the observed increase in the service sector share of total value added. This shows that the e¤ect of leisure on sectoral composition is sizeable.
[Insert Figure 5] In order to study the e¤ects on structural change of recreational activities, we use a multi-sector exogenous growth model. In the supply side, we distinguish between three sector speci…c technologies that are used to produce agriculture goods, manufacturing goods and services. These technologies are di¤erentiated only by the exogenous growth rate of total factor productivity (TFP). Therefore, we consider a model of structural change driven by biased technological change, as Ngai and Pissariades (2007) . We di¤erentiate from these authors by assuming that households derive utility from consuming agriculture and manufacturing goods, services and recreational activities. Following Ngai and Pissariades (2007), we assume a constant elasticity of substitution (CES) utility function. Therefore, the only new feature of this model is the introduction of recreational activities. These activities depend on both the amount of time devoted to leisure and on the consumption of recreational services. The introduction of these recreational activities has two remarkable implications.
First, from the demand side of the model we distinguish an additional sector: the sector of recreational services. Therefore, recreational activities introduce the possibility of analyzing the process of structural change in the fraction of value added explained by recreational services. We assume that recreational activities are de…ned as a CES function of leisure time and recreational services. We assume that the elasticity of substitution of recreational activities (the elasticity between leisure time and recreational services) is di¤erent from the elasticity of substitution of consumption goods (between recreational activities and the consumption of goods or services produced in the three sectors). If follows that the utility function considered in this paper is the nested CES function introduced by Sato (1967) .
Second, the nested CES is a homothetic utility function with respect to leisure time and the consumption of the di¤erent goods and services. As leisure is the di¤erence between the time endowment and labor, the model is non-homothetic with respect to labor and the consumption of goods and services. Technological progress, through a wealth e¤ect, reduces labor. This in turn a¤ects the consumption of recreational services and, therefore, it a¤ects the sectoral composition of employment.
In this model, technological progress drives structural change through two di¤erent channels: a wealth channel and a substitution channel. On the one hand, the substitution channel is due to biased technological progress. Consistent with empirical evidence, we will assume that the sector experiencing the largest TFP growth is the agriculture sector and the one experiencing the smallest TFP growth is the service sector. This biased technological progress causes the reduction of the relative price of agriculture goods in units of manufactured goods and the increase in the relative price of services in units of manufactured goods. As outlined by Ngai and Pissariades (2007) , the e¤ect on structural change of relative price changes will depend on the value of the elasticity of substitution of consumption goods. In contrast, in our model, the e¤ects on structural change of relative price changes will depend on the value of both elasticities of substitution.
On the other hand, the wealth channel is the new mechanism of structural change introduced in this paper. Its e¤ect on the sectoral composition of employment will depend on the value of the elasticity of substitution of recreational activities. If this elasticity is small, implying strong complementarity between leisure time and the consumption of recreational services, the increase in leisure time will drive a strong increase in the consumption of recreational services, which will cause a large impact on the sectoral composition of employment.
The interaction between the two channels explains the process of structural change in this economy. This process drives the economy to di¤erent asymptotic long run equilibria, depending on the value of the two elasticities of substitution. These asymptotic equilibria will be di¤erentiated by the long run values of …ve variables that measure structural change: leisure, the shares of employment devoted to the three sectors and the share of added value in the service sector devoted to recreational services. Section 3 provides a complete characterization of these long run equilibria. We show that these long run asymptotic equilibria consist of corner solutions implying that the share of employment in one sector vanishes, that either leisure or labor converges to zero and that services or consumption of manufactured goods will be entirely devoted to either recreational or non-recreational activities. This corner solutions arise because technological progress is permanently biased towards a given sector and, therefore, they must be interpreted as the long run equilibrium that an economy would attain if the biase in technological progress is kept constant. Interestingly, they inform about the direction of structural change implied by the model. We use this asymptotic equilibria to conclude that the observed patterns of structural change can only be explained if both elasticities of substitution are smaller than one and the elasticity of substitution of recreational activities is larger than the elasticity of substitution of consumption goods. When the elasticities satisfy these two conditions, the equilibrium converges asymptotically to a leisure society in which services and consumption of manufactured goods are entirely devoted to recreational activities.
In Section 4 we use the constraints on the value of the elasticities obtained from the long run analysis to calibrate the economy. We consider three di¤erent economies. In the …rst one, we introduce recreational activities and, therefore, it is our benchmark economy. In the second economy, we only introduce leisure. Finally, the third economy is a standard multisector growth model without leisure. The three simulated economies provide patterns of structural change in the sectoral composition of employment that are consistent with the observed patterns. Moreover, the benchmark economy explains almost all the observed reduction in the labor supply and a large part of the increase in the share of recreational services. Therefore, the benchmark economy explains the two patterns of structural change.
From the comparison between the three simulated economies, we obtain the following two main …ndings. First, the introduction of an endogenous labor supply does not improve the performance of the model in explaining the process of structural change in the sectoral composition of employment when there are no recreational services. In this case, leisure increases as the economy develops. However, the increase on leisure does not contribute to explain structural change in the sectoral composition of employment. Second, the introduction of recreational activities improves the performance of the simulated economies in explaining both the reduction in the amount of labor and the process of structural change. Recreational activities introduce a complementarity between the service sector and leisure time. Due to this complementarity, the increase in leisure rises the demand of services. Obviously, this implies that leisure contributes to explain the observed changes in the sectoral composition of employment. We conclude that recreational activities are an important feature of structural change.
The model
We build a three-sector exogenous growth model. We distinguish between the agriculture, the service sector and the manufacturing sector. The agriculture and service sectors only produce a consumption good, whereas the manufacturing sector produces both a consumption and an investment good. Moreover, we assume that the manufacturing sector is the numeraire of the economy.
Firms
Each sector i produces by using the following constant returns to scale Cobb-Douglas technology:
where Y i is the amount produced in sector i; 2 (0; 1) is the capital output elasticity, s i is the share of total capital K devoted to sector i; u i is the share of total employment L employed in sector i; A i measures the total factor productivity (TFP) in sector i; and the subindexes a; s and m amount for the agriculture, services and manufacturing sector, respectively. Obviously, the capital shares and the employment shares satisfy
and
We assume that TFP grows in each sector at a constant growth rate i . Consistent with empirical evidence, we assume that a > m > s : Obviously, this implies that technological progress is biased. We also assume that population, N; is constant. Each individual has a time endowment of measure one that can devote to either leisure activities or labor. Let l be the amount of time an individual devotes to work and, thus, total employment in the economy satis…es L = lN: It follows that (2.1) can be rewritten in per capita terms as
where y i = Y i =N and k = K=N: Perfect competition and perfect factors' mobility imply that each factor is paid according to its marginal productivity and that marginal productivities equalize across sectors, implying that
where r is the rental price of capital, w is the wage per unit of employment, p i is the relative price and is the depreciation rate of capital. From using (2.3) and (2.4), we obtain s i = u i and
Consumers
The economy is populated by a constant number N of in…nitely lived consumers. Each consumer has a time endowment of measure one that can devote to either leisure activities or employment. As l is the amount of time an individual devotes to work, 1 l is the amount of time devoted to leisure activities. Consumers obtain income from capital and labor and use it to investment and consume. Therefore, the consumers' budget constraint is
where E = c m + p s c s + p a c a is total consumption expenditures. The consumers'utility is
where > 0 is the subjective discount rate and C is the following composite consumption good:
where c a is the amount consumed of agriculture goods, c m is the amount consumed of manufactured goods, c s is the amount consumed of service goods, c l is the amount consumed of recreational activities, x s 2 [0; 1] is the fraction of services devoted to non-recreational consumption, " > 0 is elasticity of substitution between the di¤erent consumption goods, and i > 0 measures the weight of the di¤erent consumption goods in the utility function. We assume that a + s + l + m = 1: We also assume that recreational activities depend on both leisure and the amount consumed of services, according to the following function:
where > 0 is the elasticity of substitution between the di¤erent consumption goods and leisure and i > 0 satis…es s + l = 1. Consumers decide on leisure, the value of consumption expenditures, the sectoral composition of these expenditures and the fraction of services devoted to recreational activities, in order to maximize (2.7) subject to (2.6). The solution of this maximization problem is characterized by the following equations:
(2.11)
where f i g 8 i are complex functions of both the prices and the wage that are shown in Appendix A. Equations (2.9), (2.10) and (2.11) characterize the sectoral composition of consumption expenditures, while (2.12) determine the fraction of services devoted to non-recreational activities. Equation (2.13) determines the amount of leisure. Finally, (2.14) is the Euler condition driving the intertemporal trade-o¤ between consuming today and in the future. 2 
Equilibrium
Let z = k=lA 1 1 m be the capital stock per e¢ ciency unit of employment in the economy. Using this de…nition and (2.3) we obtain the interest rate as r = z 1 (3.1) and using (2.4) we obtain
We de…ne per capita gross domestic product, GDP, as Q = p a y a + p s y s + y m and using (2.2) and (2.4) we obtain
Note that per capita GDP depends on the time devoted to work, l.
In order to characterize the equilibrium we de…ne the transformed variable q = E=Q. Using this variable, the resource constraint of this economy can be written as
The agriculture and service sectors only produce a consumption good and thus the market clearing condition in this sector is y i = c i , i = a; s: From this market clearing conditions and (2.4), we obtain the employment shares in these two sectors
From using (2.10), (3.2) and (3.3), we obtain the employment share in the service sector
and, from using (2.11), we obtain the employment share in the agriculture sector
The employment share in the manufacturing sector is
Finally, from using (2.13) and (3.3), we obtain the amount of time devoted to work
Equations (2.12), (3.5), (3.6), (3.7) and (3.8) show that the sectoral composition of the economy and the amount of time devoted to work depend on relative prices, wage and the value of two transformed variables: z and q: In Appendix B, we obtain the following system of di¤erential equations governing the time path of these two transformed variables:
where ! i are functions of the relative prices and of the wage de…ned in Appendix B.
De…nition 3.1. A dynamic equilibrium is a path of fz; q; u a ; u s ; u m ; l; x s ; p a ; p s ; wg that solves the system of di¤erential equations (3.9) and (3.10) and satis…es (2.12), (2.5), (3.2), (3.5), (3.6), (3.7), (3.8), and _ A i = A i (0) e i t ; i = a; s; m:
A balanced growth path (BGP) equilibrium is an equilibrium path along which the interest rate and the ratio of capital to GDP remain constant.
Along a BGP the variable z is constant. As follows from (3.9), this may happen when either l = 1; l = 0; or l 2 (0; 1) : Appendix C characterizes the di¤erent long run equilibria and proves the following four propositions:
There is an unique asymptotic BGP along which variables characterizing the sectoral composition remain constant.
Proposition 3.4. The long run values of employment, the ratio of capital to e¢ ciency units and the ratio of consumption expenditures to GDP are: 1. u a = q ; u s = 0 and u m = 1 q if either i) " > 1; > 1 and " < ; ii) " > 1 and
2. u a = 0; u s = q and u m = 1 q if either i) " > 1; > 1 and " > ; or ii) " < 1:
As follows from Proposition 3.3, the long run values of the sectoral composition are attained asymptotically. Therefore, in this model, the interesting properties of the equilibrium path are in the transition and this will be characterized numerically in the following section. However, we still obtain interesting insights from these long run values. Proposition 3.4 implies that employment converges to one when either " > 1 or > 1: As Figures 3 and 4 clearly show that employment decreases as the economy develops, we should consider the case in which employment converges asymptotically to zero. This happens when both " < 1 and < 1: These values of the elasticities of substitution are also consistent with the observed patterns of structural change. On the one hand, Proposition 3.6 shows that if " < 1 and < 1 then the employment share in agriculture declines to zero and thus employment shifts to the service sectors. On the other hand, these values of the elasticities can also be consistent with the observed patterns of structural change in the distribution of services between recreational and non-recreational activities. Figure 5 shows that the fraction of services devoted to recreational activities has increased. This implies that the variable x s should decline. Proposition 3.5 shows that this happens when " < < 1:
We conclude that the equilibrium path implied by this model shows that it is compatible with the observed patterns of structural change when i) the utility function exhibits complementaries both among the di¤erent consumption goods and between leisure and recreational services and ii) when the complementarity between leisure and services is smaller than the complementarity among the di¤erent consumption goods. The …rst condition is already obtained in Ngai and Pissarides (2007) . The second condition is a contribution of this paper and it is related to the capacity of the model to explain the process of structural change between recreational and nonrecreational activities. These constraints on the value of the elasticities of substitution are considered in the following section.
Structural change
In this section we numerically simulate the economy in order to analyze if the mechanism proposed in this paper contributes to explain the observed patterns of structural change. To this end, we calibrate the parameters of the economy as follows. The parameter m = 1:37% in order to have a long run GDP growth rate equal to 2%; s = 0:71% and a = 3:57% in order to match the growth rate of prices obtained by Herrendorf, et al. (2013) ; we set = 0:35 in order to match the average value of the LIS in the US during this period; ; = 0:032 so that the long run interest rate equals 5:2%; = 5:6% in order to obtain a long run ratio of investment to capital equal to 7:6%; we normalize A m (0) = 1 and we set A s (0) = 1:4633 and A a (0) = 0:2327 in order to obtain the initial relative prices of services and agriculture in units of the manufacturing goods obtained by Herrendorf, et al. (2014) . The values of the two elasticities, " = 0:35 and = 0:83; are set to obtain the best …t in explaining the time path of both x s and l: We also assume that z 0 = z ; which implies that the equilibrium exhibits almost balanced growth. This is consistent with the observed time path of the interest rate and of the ratio between capital to GDP in the US economy. The rest of parameters, s ; a ; m ; s and l ; are set to distinguish between three di¤erent economies. In Economy 1, these …ve parameters are set to match the value in 1947 of the following variables: l, x s , u a ; u s and u m : Obviously, Economy 1 corresponds to our benchmark economy. In Economy 2, we assume that s = 0 implying that x s = 0. The rest of parameters are set to math the value in 1947 of l, u a ; u s and u m : In Economy 3, we assume that s = 0 and l = 0; which implies that x s = 0 and l = 1. The rest of parameters are set to match the value in 1947 of u a ; u s and u m : The parameters in the three economies are summarized in Table 1 .
[Insert Table 1 ] Figure 6 illustrates the patterns of structural change in Economy 1. As follows from this Figure, this economy explains almost all the observed reduction in the labor supply (91% of the reduction observed in the period 1947-2010) and it also explains a large part of the increase in the share of recreational services (73%). Moreover, the model captures the observed trends in the process of structural change in the sectoral composition of employment. More precisely, the model explains a large part of the reduction in the employment shares of the agriculture and manufacturing sectors (65% and 72%, respectively) and it also explains a large part of the increase in the employment share in the service sector (73%). We conclude that the model provides a reasonable explanation of the patterns of structural change. We outline that this result is obtained with preferences that do not introduce strong complementarity between the di¤erent consumption goods.
[Insert Figure 6 ] Figure 7 displays the patterns of structural change in Economy 2. In this economy, we assume that there are no recreational services and, therefore, we do consider the mechanism proposed in this paper. This simulated economy captures the main trends of structural change in the sectoral composition of employment, but the performance is worse than in Economy 1. It also captures the reduction in the amount of labor. However, it only explains 74% of the observed reduction, which is substantially less than the reduction explained in Economy 1. From the comparison between Economies 1 and 2, we conclude that the introduction of recreational activities contributes to explain both the reduction in the labor supply and the process of structural change in the sectoral composition of employment.
[Insert Figure 7 ] Figure 8 displays the patterns of structural change in Economy 3. In this economy, we assume that there is no leisure. The model then coincides with the model in Ngai and Pissarides (2007) . In this case, the mechanism driving structural change is simply biased technological change. As follows from the comparison between Economies 2 and 3, the performance of these economies in explaining structural change in the sectoral composition of employment is almost the same. It follows that the introduction of a labor supply does not contribute to explain the process of structural change in the sectoral composition of employment when recreational services are not considered. Thus, it is through the complementarity between the recreational services and leisure that the reduction in the labor supply contributes to explain the process of structural change in the sectoral composition of employment.
[Insert Figure 8 ] Tables 2 provides two di¤erent measures of performance: the percentage of total variation explained by the simulated economies and the sum of the square of the residuals. The …rst measure captures the capacity of the simulated economies to explain the observed long run trends in the variables. The second one is a standard measure of performance during all the period. Both measures are consistent with the following two main …ndings. First, the introduction of an endogenous labor supply does not increase the performance of the model in explaining the process of structural change in the sectoral composition of employment when there are no recreational services. As the economy develops, leisure increases and the labor supply decreases. As a consequence, Economy 2 can explain part of the reduction in the amount of labor. However, the reduction in the amount of labor does not contribute to explain the performance of the simulated economies in explaining structural change in the sectoral composition of employment, neither during the transition not to capture the main trends. In other words, the two dimensions of structural change do not interact in the framework of Economy 2. Second, the introduction of recreational activities improves the performance of the simulated economies in explaining both the reduction in the amount of labor and the changes in the sectoral composition of employment. Recreational activities introduce a complementarity between the service sector and leisure time. As in the Economy 2, economic development causes the increase in leisure. In contrast to Economy 2, the increase in leisure contributes to explain the observed changes in the sectoral composition of employment due to the complementarity between leisure and services. Moreover, biase technological change, that drives structural change in the sectoral composition of employment, contributes to explain the increase in leisure time, through this complementarity.
[Insert Table 2 ] 
Concluding remarks and extensions
The purpose of this paper is to explain two important patterns of structural change observed during the second half of the last century; …rst, structural change in the sectoral composition of employment, implying a large shift of employment and production from the agriculture and manufacturing sectors to the service sector, and, second, structural change in the use of time, implying an increase in leisure time. We contribute to existing literature on structural change by introducing a mechanism that relates these two patterns of structural change. We argue that during the leisure time we consume recreational services. The observed increase in leisure time then implies an increase in the consumption of these recreational services, which introduces a mechanism explaining structural change in the sectoral composition of employment. We measure the impact of this mechanism, making two contributions. First, we measure the fraction of the value added of the service sector explained by recreational services. We show that this fraction has increased from 6% to 14% during the period 1947-2010. Obviously, this substantial increases provides support to our mechanism. Second, we construct a multi-sector exogenous growth model with biased technological change. The new feature of the model is the introduction of recreational activities, which depend on both leisure time and on the consumption of recreational services. We introduce these activities by assuming a non-homothetic nested CES utility function. It follows that technological progress drives structural change on both the sectoral composition of employment and on leisure time through two di¤erent channels: a wealth channel and a substitution channel. We calibrate the model and we show that the model explains the reduction in the time devoted to work, the increase in the fraction of recreational services and the main changes in the sectoral composition of employment. Moreover, we compare the performance of our economy with recreational activities with two other economies: one with leisure but without recreational activities and another one without leisure. From these comparison, we obtain our two main …ndings. First, the introduction of an endogenous labor supply does not increase the performance of the model in explaining the process of structural change in the sectoral composition of employment when there are no recreational services. Second, the introduction of recreational activities improves the performance of the simulated economies in explaining both the reduction in the amount of labor and the process of structural change. We can then conclude that recreational activities are an important feature of structural change.
There are large di¤erences in the amount of time devoted to work between the US and European economies. Prescott (2004) has convincingly argued that large part of these di¤erences can be explained by the di¤erences between the labor income taxes in the US and Europe. Rogerson (2008) has contributed to this analysis relating these di¤erences with the sectoral composition. The mechanism introduced in our paper o¤ers an interesting benchmark to analyze the e¤ects of taxes on both the sectoral composition and the amount of time devoted to work. Therefore, an obvious extension of this paper is to study if the di¤erences in taxes between the US and Europe can explain the observed di¤erences in leisure and sectoral composition.
A. Solution of the consumers'problem
Consumers maximize the utility function subject to the budget constraint (2.6). The Hamiltonian present value associated to this maximization problem is
The …rst order conditions with respect to x s ; c a ; c m ; c s ; l and k are, respectively,
We proceed to obtain c l ; c s ; c m ; c a ; l; and x s as functions of prices, wages and total consumption expenditures, E; where E = c m + p a c a + p s c s : To this end, we combine (A.3), (A.2) and (A.4) to obtain (2.9), (2.10) and (2.11) in the main text. From this analysis, we obtain
We next use (A.4), (A.5) and (A.1) to obtain
We substitute (A.8) in (2.8) to obtain 
(A.14) s = s ; and l = l : We next substitute (2.11), (2.10) and (A.13) in the de…nition of C to obtain
where 
B. System of Di¤erential equations
In this appendix we obtain the system of di¤erential equations governing the time path of the transformed variables, z and q: The …st step is to obtain the expression of _ 8 = 8 : We …rst combine (A.18) and (A.15) to obtain
We log-di¤erentiate with respect to time the previous equation, to obtain
From using (A.11), we obtain
where
From using (A.15), we obtain
and we use (B.3) to obtain
We substitute (B.3) and (B.6) in (B.2) to obtain
; (B.10) and
The second step is to obtain the growth rate of employment. We …rst combine (2.13) and (A.10) to obtain
(B.12)
We use (A.16) and (A.17) to obtain c m = We combine (B.12) and (B.13) to obtain
and we log-di¤erentiate this equation
The growth rate of wage is obtained from (3.2) and it is
We substitute the growth rate of wages, (B.3), (B.6), (2.14) and (3.1) in (B.15) to obtain
Finally, we proceed to obtain the system of di¤erential equations governing the time path of z and q. We …rst use (3.3) and (3.4) to obtain
We combine (2.14) and (3.1) to obtain
From log-di¤erentiating the de…nition of z and using (B.19) we obtain the dynamic equation for z
We use (B.21) and (B.16) to obtain (3.9) in the main text and
From log-di¤erentiating the de…nition of q and using (B.20), (B.9), (B.21) and (B.22) we obtain (3.10) in the main text.
C. Balanced Growth Path
In order to obtain the BGP of this economy we will follow a four steps procedure. First, we will compute the long run values of prices. Second, we will obtain the long run values of the auxiliary variables 3 ; 7 ; and f! i g
Third, we will compute the long run values of labor and of the transformed variables, z and q; and, …nally, we will obtain the long run sectoral composition of the economy.
First, as a > m > s , equations (2.5) and (3. 
We use the long run values of 3 and 7 and equations (B.7) and (B.8) to obtain the long run values of ! 3
(1 ")
if " < 1 and
and of ! 4
In order to obtain the long run values of ! 5 and ! 6 , we will use the following lemmas, that are proven easily.
Lemma C.1. Assume that < 1 and " < 1: Then the growth rate of p 
:
From using these results and equations (B.10) and (B.11), we obtain that the long run value of ! 5 is
and the long run value of ! 6 is
(1 ) if < 1; " < 1 and > " (1 ") if < 1; " < 1 and < " 0 if either > 1 or " > 0
Using the previous results and (B.17) we obtain 
We proceed to obtain the long run values of labor and of the transformed variables. We …rst use (B.14) and the de…nition of q to obtain The long run value of J satis…es J = 0 if < 1; " < 1 1 otherwise.
:
Using J ; we obtain the long run value of labor in Proposition 2.4. We assume that _ z = 0 and _ q = 0 in equations (3.9) and (3.10) to obtain the long run values z and q in Proposition 2.4.
In the last step, we obtain the long run sectoral composition. To this end, we …rst use (A.12) to obtain We use these expressions to obtain the long run values of the employment shares that are displayed in Proposition 2.6. 3
D. Tables and Figures   Table 1 . Parameters and Targets Parameters Targets Variation is the part of the total change explained by the simulation.
SSR is the sum of the square of the residuals. 
